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In order  to  study  the microstructure  along  the  thickness  direction  of  polylactide  acid/C60
(PLA/C60)  composite  ﬁlm,  the sucrose  solution  was  frozen  to embed  the  PLA/C60  composite
ﬁlm at  −70 ◦C, and  the  distribution  state  of C60  in  PLA  matrix  was  observed  successfully
in  the  obtained  ultrathin  sections  cryomicrotomed  along  the  thickness  direction  of  the
embedded  ﬁlm  in the  frozen  sucrose  solution  bulk  by  transmission  electron  microscopeeywords:
olymer ﬁlm
ryoultramicrotomy
ucrose  solution
mbedding technique
hysical  embedding
(TEM).  Compared  with  the traditional  chemical  embedding  methods  of  polymer  ﬁlm  using
resins such  as  epoxy  and  polyester,  the  newly  developed  method  to  embed  the  PLA/C60
composite  ﬁlm  physically  with  frozen  sucrose  solution  was  simple,  convenient,  efﬁcient,
and  health  friendly.
© 2014  Saudi  Society  of  Microscopes.  Published  by  Elsevier  Ltd.  All  rights  reserved.. Introduction
One effective method to investigate the microstructure
f polymer materials is the combination of ultramicro-
omy and electron microscopy [1–10]. The polymer ﬁlm
roducts, as one of the commonly used polymer materi-
ls,  have played a very important role in our daily lives.
he  morphological study on the polymer ﬁlm by using
ransmission electron microscope (TEM) is beneﬁcial to
mprove  its formulation, manufacturing process, and per-
ormance.  Generally speaking, the polymer ﬁlms with
hickness sized at nanometers or microns could not be sec-
ioned  directly using ultramicrotome, for they are soft and
ould  not support themselves. In order to obtain the sec-
ions  with a thickness of 50–70 nm that are suitable for TEM
bservation, the polymer ﬁlms have to be chemically
∗ Corresponding author. Tel.: +86 0532 67782313;
ax: +86 0532 84023977.
E-mail  address: chl5590@163.com (L. Chen).
http://dx.doi.org/10.1016/j.jmau.2014.03.002
213-879X/© 2014 Saudi Society of Microscopes. Published by Elsevier Ltd. All riembedded with epoxy resin or polyester [11] prior to
ultramicrotomy. Generally, it takes 24 to 48 h to ﬁnish
the  polymerization or cross-linking reaction involved in
the  aforementioned traditional chemical embedding pro-
cess,  i.e., the traditional embedding method delays the
experiment process and lowers the scientiﬁc research efﬁ-
ciency.  The chemical embedding process that involves
some special embedding equipments and several expen-
sive  chemical agents such as resin, cross-linking agent,
initiator and hardness regulator, is experience dependent,
and is not environment friendly. Furthermore, due to
the  low contrast between the embedding resin and the
embedded transparent polymer ﬁlm, it is difﬁcult to dis-
tinguish the embedded polymer ﬁlm from the surrounding
embedding resin and hard to accurately position the tar-
get  polymer ﬁlm during trimming the resin embedding
block. It is very likely that the target transparent ﬁlm sam-
ple  could not be found in the resulting sections while
observing under TEM. If so, the ﬁlm sectioning has to be
carried  out once again, which would result in unneces-
sary waste in both the time and energy of the sectioning
ghts reserved.
opy and Ultrastructure 2 (2014) 117–120118 L. Chen, G. Qiu / Journal of Microsc
performers. Thus, it is necessary to develop a simple,
convenient and efﬁcient embedding method for polymer
ﬁlm.
In  order to study the dispersion of C60 along the
thickness direction of thin polylactic acid/C60 (PLA/C60)
composite ﬁlm, the ﬁlm was embedded with an epoxy
resin, Epon-812, followed by cryomicrotoming. But, due to
the  low contrast between the epoxy resin and PLA/C60 ﬁlm,
it  is difﬁcult to accurately position the composite ﬁlm to
be  embedded during trimming the resin embedding block.
Ultimately, the PLA/C60 ﬁlm sample was not found in the
resulting  sections while observing under TEM. This result
implies that the traditional chemical embedding method is
not  applicable to realize the aim of the research.
The sucrose is one cheap eatable commodity in our daily
life.  The sucrose solution is often used to pick up and trans-
fer  sections during the course of cryoultramicrotoming.
Although the sucrose solution could be frozen into strong
solid  under a temperature below −40 ◦C, it has not been
used as a cold embedding medium for PLA ﬁlm to be cry-
oultramicrotomed for the study of the ﬁlm ultrastructure
[12,13].
In this communication, the sucrose solution frozen at
−70 ◦C was used to embed the PLA/C60 composite ﬁlm
which was then cryomicrotomed into sections with thick-
ness  of 50–70 nm,  and the dispersion state of C60 in PLA
matrix was observed successfully in the obtained ultrathin
sections cryomicrotomed along the thickness direction of
the  embedded ﬁlm.
2.  Materials and methods
2.1.  Materials
Natureworks PLA 2002D (number-average molecular
weight (Mn) = 1.8 × 105, weight-average molecular weight
(Mw)  = 3.2 × 105, Mw/Mn  = 1.78) was supplied by Cargill
Dow LLC, USA. C60 was supplied by Puyang Yongxin
Fullerene Technology Co. Ltd., in China. The methylene
chloride (H2CCl2) of analytical grade was used as the sol-
vent  for C60 and PLA. The sucrose used was of analytical
grade.
2.2. The preparation of PLA/C60 composites ﬁlm
The PLA/C60 composite ﬁlm was prepared by solution
blending method under an ambient condition. Firstly, PLA
and  C60 solutions were prepared by dissolving PLA and
C60  in H2CCl2, respectively. Then, the PLA solution and C60
solution  were blended in a vial, and the blended solution
was  then homogenized by ultrasonication. After that, the
homogeneous blending was kept still, and the H2CCl2 was
let  to evaporate until the composite ﬁlm was dry. The newly
prepared  PLA composite ﬁlms containing 2 wt.% C60 was
then  further dried in vacuum for 8 h at room temperature.
The thickness of the PLA/C60 composite ﬁlm measured by
a  thickness meter was 260 m.Fig. 1. The sketches for (a) the cyro-pin with ﬁlm sample ﬁxed on and (b)
sucrose solution-adsorbed atop the cryo-pin with ﬁlm sample ﬁxed on.
2.3. The preparation of sucrose solution
The 2.3 M sucrose solution was prepared by dissolving
7.87 g sucrose in 10 ml  deionized water.
2.4.  The embedment of PLA/C60 composite ﬁlm
First, the cryo-chamber and the sample clamp of the
Leica EM FC7 cryoultramicrotome was cooled to −70 ◦C by
using  electrically driven liquid nitrogen pump. Secondly,
a  piece of 3 mm × 3 mm quadrate PLA/C60 composite ﬁlm
was  ﬁxed perpendicularly into the slotted groove of the
round  top of the “screw” style cryo-pin with molten paraf-
ﬁn  (Fig. 1(a)). Thirdly, the round top of the cryo-pin
together with the ﬁlm sample ﬁxed on was dipped into
the  sucrose solution and taken out so that sucrose solu-
tion  could form a semispherical covering layer by adsorbing
onto  both the sample and the round top of the cryo-pin
(as seen in Fig. 1(b)). Finally, the sucrose solution-adsorbed
cryo-pin with the PLA/C60 ﬁlm ﬁxed on was  secured into
the  sample clamp mounted on the arm of the cryomicro-
tome, the embedding of the sample was  easily realized
during the freezing process of the semispherical sucrose
solution adsorbed atop the cryo-pin. The whole embedding
process could be ﬁnished within several minutes.
2.5. The cryomicrotoming of the embedded PLA/C60 ﬁlm
Firstly,  the PLA/C60 ﬁlm in the frozen sucrose solution-
embedded block was trimmed into a quadrate top with an
area  of 0.1 mm × 0.1 mm by using a glass knife at −70 ◦C.
Then, the ﬁlm sections with a thickness of 50 nm were cut
off  the small quadrate top of the embedding block by using
a  Diatome diamond knife and picked up onto the surface of
one  droplet of 2.3 M sucrose solution suspended in a wire
loop  and then transferred onto 200 mesh TEM copper grids
covered  with a thin carbon ﬁlm. Grids were rinsed in sev-
eral  changes of deionized water to remove residual sucrose
and  dried in air circumstance.
2.6.  TEM characterization on the microstructure of
PLA/C60 sectionsThe  microstructure in the sections cryomicrotomed
along the thickness direction of the embedded PLA/C60
composite ﬁlm was observed using a JEM-2100 TEM under
an  accelerating voltage of 200 kV.
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(-caprolactone)/thermally reduced graphene nanocomposites. Indig. 2. TEM image of the section microtomed along the thickness direction
f the PLA/C60 composite ﬁlm embedded in frozen sucrose solution.
. Results and discussions
Although  the sucrose solution could be frozen into solid
nder  −40 ◦C, the embedding block is not strong enough
n  the course of trimming and cryomicrotoming, several
mbedding trials indicated that the sucrose solution could
e  frozen into embedding block that is strong enough to
ndure  the cutting force during microtoming under 70 ◦C,
o  70 ◦C was chosen as a proper temperature for the cry-
microtoming of PLA/C60 composite ﬁlm.
C60 is a nonpolar molecule, hence, its solubility in a
olar  solvent like H2CCl2 is limited. In the ﬁlming process
f  PLA matrix, C60 tends to form aggregates through the
ntermolecular – interactions or van der Waals force.
s  shown in Fig. 2, most C60 that appeared as darker spots
n  the image formed small aggregates sized at 10–30 nm,
hich  then aggregated into larger irregular C60 domains
n  the ultrathin section of PLA/C60 composite ﬁlm. So, it
ould  be concluded that the ultrathin sections of PLA/C60
omposite ﬁlm could be successfully cryomicrotomed from
he  frozen sucrose solution-embedded composite ﬁlm.
uring  the trimming of the embedding block, the con-
rast  difference between the ﬁlm and surrounding frozen
ucrose solution at −70 ◦C makes the accurate position-
ng of the PLA/C60 ﬁlm sample easier. The sucrose solution
sed  to embed the ﬁlm physically could be easily washed
way from sections by deionized water and would not
tain  the background or interfere with the morpholog-
cal observation of the PLA/C60 ﬁlm sample, while the
poxy  resin or polyester traditionally used to embed poly-
er  ﬁlm chemically could not be easily removed from the
ample  sections and would often result in some globu-
ar  structures due to the reaction of the interpenetrated
mbedding additives in polymer sample. Besides, com-
ared  with the chemical embedding method, the physical
mbedding method developed in this paper used nei-
her  expensive chemical embedding reagents such as resin
onomer,  cross-linking agent, initiator or hardness reg-
lator,  nor additional embedding devices, and the whole
hysical embedding process could be ﬁnished within
everal minutes. Furthermore, the expensive embedding
eagents involved in the traditional chemical embedding Ultrastructure 2 (2014) 117–120 119
process are often dangerous or harmful to health, e.g.,
N,N-dimethyl aniline, as a hardener for epoxy resin, is can-
cerigenic, the initiator benzoyl peroxide (BPO) is subject
to  explosion during drying fully, and the acrylic or epoxy
resin  could lead to skin inﬂammation as well. In other
words, compared with the traditional resin-based chemical
embedding process of polymer ﬁlm, this sucrose solution-
based physical embedding method is simple, convenient,
safe, efﬁcient, and health friendly.
We further conﬁrm the feasibility of this physical
embedding method by using sucrose solution to embed
other polymer ﬁlms to image the phase distributions in the
ultrathin  sections microtomed successfully along the thick-
ness  direction of the embedded polymer ﬁlms. It is not hard
to  imagine that the sucrose solution could also be used to
embed  thin polymer coating or ﬁbers, and small particles
so  as to investigate the morphology and microstructures
by combining the cryoultramicrotomy with TEM charac-
terization.
4.  Conclusions
To investigate the ultrastructure of PLA/C60 composite
ﬁlm along the thickness direction, the sucrose solution was
frozen  at −70 ◦C to embed the composite ﬁlm physically,
the ultrathin sections of PLA/C60 composite was  success-
fully  cryomicrotomed from the embedding block obtained,
and  the state of C60 in PLA matrix along the thickness direc-
tion  of the composite ﬁlm was  clearly observed by TEM.
This  sucrose solution-based physical embedding method
could be regarded as a simple, convenient, efﬁcient, and
non-toxic alternative to the traditional resin-based chem-
ical  embedding technique for polymer ﬁlm.
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